Based on the Chinese historical sunspots drawings, a data set consisting of the scanned images and all their digitized parameters from 1925 to 2015 have been constructed. In this paper, we briefly describe the developmental history of sunspots drawings in China. This paper describes the preliminary processing processes that strat from the initial data (inputing to the scanning equipment) to the parameters extraction, and finally summarizes the general features of this dataset. It is the first systematic project in Chinese solar-physics community that the historical observation of sunspots drawings were digitized. Our data set fills in an almost ninety years historical gap, which span 60 degrees from east to west and 50 degrees from north to south and have no continuous and detailed digital sunspot observation information. As a complementary to other sunspots observation in the world, our dataset provided abundant information to the long term solar cycles solar activity research.
country in the world to record sunspots (traceable around 364 B.C., Leo , 2011) and has long-term text records of sunspots, however, scientific quantification was not implemented.
The telescope was introduced in the ancient China between the Ming and Qin Dynasties in 1622 by the preacher Johann Adam Schall Von Bell, which played an important role in the brutal palace battle of calendar between the old one and the new one through the observation. From solar observations, the people at that time recognized that the Sunspots "drift from east to west, 14 days along the diameter, the larger one reducing the Sun's luminosity" (Wang et al. , 2008) . China may have a lot of sunspots drawings through telescopes, but at present, only the largest relatively comprehensive and systematic observations are gathered in our data set. This data set consists of observations from six stations, but the following three stations contribute the vast majority of data to our archives.
Qingdao Observing Station (QDOS) is the earliest in modern China to study sunspots using telescope, but its sunspot drawings had a rather difficult history (see Table 2 ). Its first observation in current archives was recorded by Gao Pingzi (1888-1970) on 1st May, 1925 . An example of the same year observation is shown in Figure 1 . He used a 16 cm equatorial telescope left by German and installed a projector board behind the eyepiece.
Then sunspots and plage were depicted by hand on a paper paved on this board, adjusting the solar diameter to 18.2 cm. One picture is drawn every day except when it was overcast.
Purple Mountain Astronomical Observatory (PMO) carried out sunspot drawings with a 20 cm aperture refractive telescope made by Zeiss company in 1934. In 1937, PMO was forced to move away from Nanjing, but in the same year, the PMO staff set up an observatory at the top of Fenghuang Mountain in the vicinity of Kunming city. Sunspot observations were made with an 8 cm refractive telescope and relative sunspot numbers [1937] [1938] [1939] [1940] [1941] [1942] [1943] [1944] [1945] Observation continued during the Japanese occupation.
After the war, part of data, the 16 cm objective lens and photographic devices were plundered. Sunspots drawing resumed with a 4-inch lens and 14.4 cm solar diameter on the projection board.
1954
Objective lens was updated to 15 cm. Focal length 2.2 m.
Projected solar diameter is the national uniform standard 17.4 cm.
1978-1983
Observatory was rescinded. Observation stopped.
1983-1988
Supported by Chinese Academy of Sciences, observation was resumed using a modified 20 cm aperture guide telescope with a 3.5 m focal length and solar projection diameter 17.4 cm.
1988-now 32 cm refractive telescope equipped with sunspots fine structure carmera. The penumbra fibril resolution reaches 0.7 ′′ .
The penumbra of sunspots in the drawings can be seen.
were published every half year. After the victory of the war against Japan, most of PMO staff moved back to Nanjing to rebuild the observatory that was in destruction. In 1954, all sunspot drawing data in China was collected and analyzed at PMO. Since then, regular observations of daily sunspot drawings in China started, and in 1957, all sunspot drawings were required to have solar disk image of 17.4 cm.
Yunan Astronomical Observatory (YNAO) was developed from PMO's station in Fenghuang Mountain after the war with Japan. YNAO's sunspots drawings tradition was inherited from PMO and its observation continuity make it best in our data set. So, YNAO contributes the largest part to our sunspots drawings archive. The sunspot drawings from YNAO were evaluated by international colleagues. Sunspots area data for each day were found to have the smallest random error in the world and they had good quality to supplement the global sunspot data, and also filled time zone gaps (Baranyi et al., 2001; Balmaceda et al., 2009 ).
Chinese Solar-Geophyscal Data (CSGD, printed journal) from 1971 to 2001, has published the sunspots' daily relative numbers, areas and predicted smoothed numbers, which all came from the records of suspot drawings from Chinese observatories (Yan et al. , 2018) . Parts of CSGD are published online by NGDC (National Geophysical Data Center), whose website is http://www.ngdc.noaa.gov/nndc.
In general, Chinese sunspot drawings contain almost complete physical information realized in that era. However, these materials were not easy to be completely preserved due to the difficulties in long history, humidity, decay, pests damage, relocations, etc. In order to better utilize the scientific value of these data, it is necessary to extract information completely, accurately, and reliably from Chinese historical sunspot drawings. Also, make the data available through network sharing and keep the data for long term use by digitizing the sunpot drawings so that the information from the data is preserved.
With the support of National Basic Research Program from the Ministry of Science and technology of China, the digitization of Chinese historical sunspot drawings commenced from May 2014. By the end of April 2018, we finished the digitization of sunspots drawings from six Chinese observing stations and also completed their parametric extraction. In the process of digitization we go through these processe: the scanner selection, the scanning results evaluation of original image, the automatic extraction of handwritten parameters, the proof of extracting parameters by computer program, and manually checking through sampling. Here, we presented a part of statistical results from the entire analysis, and the details of process are given in the following six sections.
Observation Data of Chinese Sunspot Drawing
Historically, there mainly exists six observing stations for sunspot drawings in China:
PMO, YNAO, QDOS, Sheshan Observing Station (SSOS), Beijing Planetarium (BJP)
and Nanjing University (NJU). Table 4 . In this paper, we mainly discuss the data processing of sunspot drawings by PMO and YNAO as examples among six observing stations. Figure   2 and 3 are sunspot drawing telescopes of PMO and YNAO, respectively.
Processes of Sunspot Drawing
Traditional projection method was used by PMO, YNAO, etc. wherein they obtain sunspots drawing by projecting an enlarged image of the Sun onto a projection plate. At first the preprinted sunspot observation record paper is fixed on the projection plate, and When it is observing, the radius of the sun's projection is 17.4cm.
the position of directions (east, west, south and north) is determined accurately. Then, slowly the telescope is moved to make sure that the solar projection always overlaps with the solar limb printed on the recording paper. Finally, the specific information of sunspots is accurately drawn with a pencil. For example, according to the projection image of sunspots on the projection plate, the penumbra of the sunspots is firstly drawn with a hard pencil, . These data can be used to obtain heliographic coordinates, i.e. to calculate the latitude and longitude of the sunspots. Also, the area of the sunspot group can also be measured: A special transparent glass plate is placed on the projection plate. Each square area in the glass plate is 1 square millimeter and the number of squares corresponding to each sunspot group is recorded (Li et al. , 2016) . The number of squares contained in a sunspot group can be converted into the area of sunspots by correlation calculation. Then, the sunspot group is numbered and other information such as the coordinates of the sunspot group and the types of the sunspot group are recorded. Finally, the number of sunspots groups, the number of sunspots, the Wolf number on the southern hemisphere, the northern hemisphere and the whole solar surface are calculated, respectively (Rue et al. , 2012) .
The Content of Sunspot Drawing
An example of sunspot drawings is shown in Figure 4 , in which the content of the rectangular and oval boxes marked with red color are described below. The rectangular boxes are printed at fixed position on the observation paper. Rectangular box 1 contains:
Observing day number within the year.
Date of observation.
Beijing time.
Universal Time Coordinated (UTC). 
Digital Processing
For the digital processing, we visited World Data Center in Brussels, Belgium and made collaboration with Dr. Frederic Clette who was converting Europe's historical sunspot drawings into digital files. Referring to their standard suggestions and many scanning trials,
we established a few regulations for the guidance of ever-repeated scanning work.
Scanner selection
For the selection of the scanner, there are three basic requirements, 1) resolution: the description of the smallest spot on the sunspot drawing is about the size of the pencil tip (0.05mm). To clearly scan such a point, at least 2 pixels are needed, which requires the resolution of the scanner to be >1000 ppi (pixels per inch). 2) gray level: in order to effectively distinguish the umbra from the penumbra (due to the long storage time of the early drawings and light color), the scanner with the maximum gray level is required.
3) width: A3. After careful investigation, Zhongjing 1960XL scanner that met the above requirements was chosen. 
Scanning Rules
The rules of scanning originates from two aspects: Visions and qualities. The sources of different time (year) and observers are selected and put into the scaner. The main operation is to adjust the brightness and contrast, for example, when the brightness of gray scale of image is too bright or too dark, then drag the brightness slider to change it. If the brightness is too high, the image will look white. It will be too dark if the brightness is too low. The brightness of the image should be moderate while dragging the brightness slider.
For other parameters, the local changes can be made according to the similar adjustment method. The team members carried out visual inspection until everyone was satisfied, and then formulated the technical parameters and operational rules for the scanning of sunspots. Quality assessment was carried out by comparing the relative number of sunspots between digital and original data to find out uncover potential, and repeatedly verified, the preparation ends when requirements (relative error < 5%) are satisfied. After the scanner is adjusted according to the above rules, the specific rules of scanning process is as follows:
1) prepare a piece of pre-scanned original sunspot drawing, check the condition of the folding, wrinkle and dust on the surface, and carefully clean the paper surface and flatten it. 2) Put the original image face down into the scanner, adjust the position, and align the scanned paper with the corner of the scanner. Make sure the placement position that the north-south direction of the observation paper is perpendicular to the scanning direction, as shown in Figure 5 . 3) In order to save all the details of the original observation, the 24-bit BMP (Bit Map Picture) color image format was chosen to save the image, resulted in the size of single image about 90 MB. Although this data format is more than 10 times larger than the commonly used JPG (Joint Photo Graphic) format, the original observations can be truly recorded without compression distortion (Figure 4) , which allowed us to work with great precision to analyze each of the images.
File naming and Storage
Since the data was produced from multiple stations, the file name and storage directory of all observational data that were scanned are specified for the convenience of their database query. The file name is consistent with the basic rules of international astronomical naming, and the unified form is < observatory > < sd > < year >< month >< date > < hour >< minute > < observer > .bmp
The observatory refers to the source of observational data, the abbreviation and corresponding full name of China observatory can refer the first column of After scanning, the file is stored on the server, and the folder is set as follows:
/1957/02/YNAO/
Automated Extraction of Parameters
Based on the scanned image and convolutional neural network (CNN), an identification software is developed to recognize the sunspot drawing parameters automatically, which is further described in Section 2.2 of the automatic identification of the content in the rectangular (printed parts) and oval box (hand-written parts). Figure 6 shows the interface of identification software, wherein the content on the left is the recognition results shown by the middle image, which includes the whole content of rectangular and oval box. For a detailed introduction of this software, we refer the reader to a former paper (Zheng et al. , 2016) .
Parameter Record Format
The identified parameters are stored in the ".txt" document format (on the right of Figure 7 ) and the".csv" table format (see Table 5 ,6), which are available to users for further processing them as required. In the TXT document format, the printed part of the data content begins with '#', ',' is separator, ';' means end, ' ?' indicates that the information is unknown (or, due to the longer time the handwriting is blurred and cannot be recognized; or here is no original information), there is no space between the separator.
The handwritten part of the data content begins with ' * ', ',' is separator, ';' is end, ' ?' means the information is unknown (the reason is the same as above), as shown in Figure 7 on the right. An example of records is shown in Figure 7 , wherein the information is labeled by red/green color boxes that were recorded as red/green rectangle labeled in documents, respectively.
Accuracy Verifications of Extraction Parameter
Due to the large number of sunspot drawings, YNAO alone has 15,752 sunspot drawings, and there are 1,051,422 records of information in rectangular and oval boxes that contained in images. In order to trust the original data and ensure the reliability of digital data, the following verification methods are used to check data, and finally carried out the accuracy test. The other part is to compare between the same data recorded in the printed and handwritten parts. For example, the printed part recorded the total number of sunspot groups and sunspots observed on that day, while the handwritten part recorded the specific information of each sunspot group, including the number of sunspots in each sunspot group. In this way, the total number of sunspot group on a given day can be obtained by counting the number of sunspots groups recorded in the handwritten part. When the number of sunspots labeled in each sunspot group is added, the total number of sunspots on that day can be obtained.
Finally, it is compared with the values of gNS and fNS, respectively. Also, the method can be used to confirm if there is a sunspot group that has not been identified in handwritten part.
Verification of the Relevant Laws
In 1861, British astronomer Richard Christopher Carrington discovered what we now know as Spörer's law, or butterfly diagram (Hopkins , 1976; Carrington , 1969) , which was investigated in detail by German astronomer Gustav Spörer. During the solar cycle, sunspots are distributed within a ± 45 • latitude range, of which most sunspots appear on -25 -both sides of the equator within latitudes of 15
• -20
• that parallel to the equator, however there are very few appear on both sides of the equator's 8
• range. At the beginning of the sunspot cycle, sunspots mostly appear on the surface within 30
• to 45
• latitude. As the cycle progresses, sunspots appear in lower and lower latitudes. When the average latitude equals 15
• , the sunspot number reaches its maximum. The average latitude of sunspots will continue to decrease, at the end of the cycle the sunspots appear in about 7
• . Then the new cycle of sunspots began to appear at the relatively high latitudes (Phillips , 1995) . For the processed sunspots, the validation is checked as follows: if latitude of sunspot group located between -45
• , and if the above rules are followed. If not, proofread them manually.
At the same time, in the solar cycle, some other parameters of the same sunspot group, such as the coordinates of longitude and latitude, area and number of sunspots, also change with the formation and decay of the sunspot group. For example, sunspots generally appear in the eastern hemisphere and disappear in the west. In this way, the longitude variation of the sunspot group can be verified, then be checked whether it conforms to Spörer's law in each sunspot cycle. The size and number of sunspots in an individual sunspot group are usually increased from smaller to larger and then they reverse, of which the rule can also be used to verified the accuracy of data.
Data Test
By random sampling, a total of 160 sunspot drawings (∼ 1%) were selected to test human recognition and input errors. The specific test scheme is as follows: Setting up a group of 10 members, then divided into five teams. Each team is equipped with two computers, in which one to identify the original image information and the other to check the digitized data. 160 images are selected randomly from the dataset of sunspot drawings, in this sample the sunspot related information was 918 (namely, the total lines of 1964 -June 1976 , sunspots in the new cycle appeared to be at higher latitudes, and sunspots in the old cycle appeared at lower latitudes.
The statistics on the data continuity of each station are carried out, and the results are shown in Figure 10 . Among them, PMO and YNAO have the longest observation time.
Part of the monthly data is missing. We have counted the periods without sunspots drawing for more than seven days, and part of these results are given in Table 9 . The YNAO has an interval of 100 times over seven days without images, while for PMO these are 283 times. Chinese historical sunspot observation permanently preserved, but also make the data to have continuity, integrity, complementarity and usability. These four aspects fill the gaps in the observation data of digital sunspots in this region, and provide more detailed and YNAO 1979 YNAO 1982 YNAO 1989 YNAO 1999 YNAO 1954 YNAO 1963 YNAO 1965 YNAO 1980 YNAO 1982 YNAO 1985 YNAO 2011 YNAO 1925 YNAO 1947 YNAO 1977 YNAO 19801982 1989 richer data for the study of long-term sunspots evolutions. The database is in the web site:
http://sun.bao.ac.cn/SHDA data/. At present, YNAO and QDOS continue to produce sunspot drawings, which can provide the subsequent continuous data for the ground-based observation of sunspots for the Chinese timezone. The quality assessment of sunspot drawing in China is under way and corresponding results will be published. A web-based English version query interface will be released soon (database is already accessible by the web site: http://sun.bao.ac.cn/SHDA data/). The next step, we will pay more attention to these extracted parameters more accurately on the basis of combining original sunspot drawings and produced newer version parameters set.
Data Policy
The images and data from the Archive of Chinese Historical Sunspot Drawings (ACHSD) can be freely downloaded as public data. However, any public use, web based or paper publication of those data must include an explicit credit to the source: (ACHSD data/image, National Astronomical Observatories, CAS, Beijing ,China)
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